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ACTIVE CARBON BY POTASSIUM ION
EXCHANGE AND LEACHING OF
CARBONACEOUS MATERIAL

This invention concerns the production of active
carbon from brown coal and like carbonaceous materi-
als (i.e. those. possessing carboxylic acid groups as for
brown coal and lignite).

A summary of the properties and problems associated
with the use of brown coal has been given in the specifi-
cation of our U.S. patent application Ser. No. 569,643.
That specification includes a description of a technique
for forming low ash carbon from a carbonaceous mate-
rial and activation by the conventional approach of
reacting with oxygen, carbon dioxide or steam. These
conventional methods of activation consume a consid-
erable proportion of the carbon during the activation.

An objective of the present invention is to form an
active carbon material directly from brown coal and
like carbonaceous materials in high yield, and without
necessarily performing conventional activation.

Basically, this objective'is achieved by forming the
potassium salt of the coal (henceforth referred to as
“potassium-coal”), carbonising it, then removing the
potassium cations from the char product.

According to the present invention, a process for
producing an active carbon from brown coal or like
carbonaceous material comprises the steps of:

a. forming a potassium-coal by contacting the brown
coal with an aqueous solution of at least one potas-
sium compound,

b. pyrolysing the potassium-coal, and

c. leaching the char so obtained to remove the potas-
sium cation therefrom. ‘

It may, in some instances be advantageous to effect a
pre-treatment of the coal with an acid to remove sub-
stantially all the naturally occurring cations organically
bound to the coal, thereby forming a demineralised coal
which can be contacted with an aqueous solution of a
potassium compound to effect step (2) of the above-
defined method. For some brown coals, however, par-
ticularly those low in mineral content, the raw coal can
be treated directly with an aqueous solution of potas-
sium compounds. :

The potassium-coal may be tabletted or extruded
from a paste prior to the pyrolysis (or carbonisation as
this step is sometimes called), which may be effected at
any suitable carbonisation temperature. The pyrolysed
product in such instances is hard, regularly shaped tab-
lets or pellets. . ,

The pyrolysed product may, if a highly active carbon
is required, be subsequently treated with oxygen, car-
bon dioxide or steam to enhance the active nature that
would otherwise be obtained.

The leaching of the potassium ions from the char may
be effected with hot water or, more efficiently, an acid
solution.

In more detail, in one form of the present invention,
the coal or other carbonaceous material, in particulate
form, is first treated with hydrochloric acid to remove
cations bound to the carboxylic acid groups of the coal
by substitution with the hydrogen ion of the hydrochlo-
ric acid. When the product of this acid treatment (gen-
erally termed a demineralised coal or acid-form coal) is
reacted with an aqueous solution of at least one potas-
stum ‘salt, it forms a substituted coal (again by an ion
exchange process) known as potassium-coal. Normally,
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this reaction will be carried out at ambient temperature.
Typical potassium salts used for this treatment are po-
tassium chloride and potassium acetate.

The pH of the solution used to form the potassium-
coal should be about 8.3, and potassium hydroxide or
ammonia solution may be added, as required, to keep
the pH at this value during the reaction of the deminer-
alised coal and the aqueous solution of the potassium
salt or salts. If the pH falls below 8.3, there will be an
incomplete exchange of the cations on the carboxylic
acid groups. This is not necessarily disadvantageous
since partial formation of potassium coal can be used to
control the activity of the final product of the treat-
ment. Equally, a pH value in excess of 8.3, which will
cause exchange in some of the phenolic groups, is not
detrimental to the activity of the final product. Another
way of controlling the degree of cation substitution is to
use less than the quantity of potassium solution neces-
sary for stoichiometric conditions to apply. In general,
an amount of potassium solution in excess of the stoi-
chiometric fequirement will be used.

The potassium-coal is then recovered from the solu-
tion by filtration or centrifuging, washed and pyrolysed.
Before the pyrolysis, the potassium-coal may be tablet-
ted, in which case the char produced by the pyrolysis
step will be in the form of hard, compact tablets, signifi-
cantly reduced in volume by the carbonisation.

An alternative method of producing the potassium-
coal is mixing particulate raw brown coal with a rela-
tively small amount of an aqueous solution of potassium
hydroxide to form a paste having a doughlike consis-
tency. The cation exchange proceeds as described
above and the product potassium-coal paste may be
extruded directly to form, typically, regular pellets,
thus avoiding the need to filter or centrifuge. Pyrolysis
of these pellets forms hard, regularly shaped char pel-
lets, significantly reduced in volume by the carbonisa-
tion.

Pyrolysis of the potassium-coal is typically carried
out in a stream of nitrogen by heating the coal slowly to
a temperature of about 900° C.

The carbonised potassium-coal material so produced
— in powder, tablet or in granular form - has a surface
area of about 20 m2/g. However, when the potassium
jons are leached from the potassium-coal char, using
either hot water or an acid to remove the cations, it has
a surface area (measured by CO, adsorption at 0° C) of
between 1100 m?/g and 1500 m2/g. Conventional active
carbons have a surface area ranging from about 800
m?/g for low grade active materials to about 1500 m?/g
for first grade material.

As noted above, the reactivity of the final product can
be enhanced by conventional activation techniques
after the pyrolysis step. Typically such additional acti-
vation procedures will be carried out at a temperature
of about 800° C. The highly active carbon produced by
such “enhancing” procedure, it should be noted, will
still be a high yield carbon material. It will generally be
unnecessary to burn off more than about 25 per cent of
the carbon to significantly enhance the activity of the
product.

A feature of this treatment of brown coal is that cor-
responding increases in surface area are not achieved if
(a) the formation of potassium-coal is omitted and the
acid-form coal is carbonised direct, or (b) other alkali
metal modified coals are produced instead of the potas-
sium-coal. The results of one series of experiments,
illustrating the present invention and the “failure” of
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such, at first sight chemically similar, processes-are
summarised in Table 1. In fact, for cases other than
potassium-form coal, the characteristics of the chars
produced are such that the substituted cations cannot be
completely removed by leaching. For example, it has
been established that leaching of the char from the
potassium-coal, using water only, effectively removes
the potassium cation, but that leaching, even with an
acid, does not completely remove other cations such as
calcium and magnesium from the chars produced from
the calcium- and magnesium-coal. This behavior does
not reflect the relative ionic radii and shows that the
potassium exerts a particular effect on the characteris-
tics of the char as it is formed with respect to accessibil-
ity to pores as well as to the surface area.

Table 1 lists the surface areas (measured by CO, ad-
sorption at 0° C for a range of samples prepared from
—72 mesh (B.S.) Yallourn brown coal. The sodium- and
magnesium-coals were prepared in the same manner as
the potassium-coal. The carbonization was carried out
in nitrogen at 900° C, and the yield of all the chars when
corrected to a cation free basis was approximately 43%.

TABLE 1

Surface area of chars in m%/g

Sample Cation present ~ Cation removed
Raw brown coal 700

Acid-form coal 870 860*
Magnesium-coal 570 210
Sodium-coal 310 690
Potassium-coal (Ist sample) 20 1180
Potassium-coal (2nd sample) 20 1220
Acid-form coal tablets N.D. 950*
Potassium-coal tablets N.D. 1270%*

*Value after acid extraction and
drying; no cation to be removed
**Hot water treatment only to remove cation.

The following examples will further illustrate the
present invention.

EXAMPLE 1

A 20g sample of acid-form Yallourn brown coal (pre-
viously prepared from raw brown coal by heating with
5N hydrochloric acid, filtering, washing with distilled
water and air drying) was shaken overnight with 15g of
potassium chloride and 3g of potassium hydroxide in
200 ml of distilled water. The pH was then adjusted to
approximately 8.5 by the further addition of some potas-
sium hydroxide solution. The coal suspension was fil-
tered, and the potassium-coal washed with distilled
water (total 100 ml) and then air dried. The potassium-
coal was then heated to 900° C in a stream of nitrogen
and maintained at this temperature overnight. After
cooling to ambient temperature, a portion of the char
was leached with distilled water by heating to boil and
simmering for 20 minutes. The extracted char was re-
covered by filtration, washed with distilled water and
dried at 110° C in nitrogen prior to surface area mea-
surement. The yield of extracted char was 43% (calcu-
lated on acid-form coal basis) and the char had a surface
area of 1200 m2?/g, which compares with 44% (also
calculated on acid-form coal basis) and 860 m2/g, re-
spectively, for the leached char from the acid-form
coal.

EXAMPLE 2

75 ml of 1N potassium hydroxide solution were grad-
ually added to 20g of Yallourn raw brown coal, with
mixing to give a dough-like mass. This mixture was then
extruded to give long cylindrical pieces. After air-dry-
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ing the now compacted and hard coal was broken into
small lengths and heated in a stream of nitrogen to 900°
C as in Example 1. After cooling, the char was leached
by boiling in distilled water. The solution was removed
by decantation and the char leached with 0.5N hydro-
chloric acid by heating to boiling. The char obtained in
the 37% vyield had a surface area of 1340 m2/g, an iodine
absorption number of 974, and a benzene index of 27.2.

EXAMPLE 3

A 20g sample of the same Yallourn coal as in Example
2 was extracted with 2N hydrochloric acid by heating
to the boil; the coal was filtered and washed on a Buch-
ner funnel and most of the water removed by continued
suction. To this acid-form coal, 70 ml of IN potassium
hydroxide were gradually added with mixing to give a
dough-like mass. After extrusion and carbonising as
described in Example 2, the acid-washed char obtained
had a surface area of 1500 m2/g.

EXAMPLE 4

A 50g sample of Loy Yang acid-form coal was shaken
with a solution containing 17.5g potassium chloride and

5g potassium hydroxide in 250 ml distilled water. The

pH was checked at intervals and adjusted to pH 8.3 by
addition of small amounts of potassium hydroxide solu-
tion. The coal was recovered by filtration and washed
with distilled water. After air drying, it was pyrolysed
in nitrogen at 900° C, as previously described, and the
resultant char was extracted with hot water. The prod-
uct char had a surface area of 1100 m2/g. A char pre-
pared directly from the acid-form Loy Yang coal (i.e.,
without the potassium-coal formation) had a surface
area of only 860 m2/g.

EXAMPLE 5

A sample of raw Yallourn brown coal was com-
pressed into tablet form and carbonised in nitrogen at
900° C. The resultant char was sized to —7 + 14 mesh
(B.S.) and a portion of the sized char was activated by
heating in steam at 800° C. A burn-off of 25.5 per cent,
calculated on the dry char used, was achieved during
the activation. Another sample of the same Yallourn
brown coal was treated with potassium hydroxide, ex-
truded and carbonised as in Example 2. The product
char was washed in water and acid and a portion acti-
vated by heating in steam at 800° C. A burn-off of 23.2
per cent was achieved during activation. Samples of the
original chars and the activated chars were ground to
—350 mesh (B.S.) and their iodine absorption numbers
determined. These values, which clearly demonstrate
the enhanced activity of the combined KOH treated
and steam activated product, are displayed in Table 2.

Table 2

Origin of Iodine Absorption Number
Char Unactivated Steam activated
Yallourn

raw coal 200 530
Yallourn raw coal,

KOH treated 975 1280

I claim:

1. A process for producing an active carbon from
carbonaceous material selected from the group consist-
ing of brown coal and lignite comprising the sequential
steps of:
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a. forming a potassium carbonaceous material by con-
tacting the carbonaceous material with an aqueous

solution of at least one ionizable potassium com-

pound,

b. pyrolysing the potassium-carbonaceous material to

form a char, and

c. leaching the char so obtained to remove the potas-

sium cations therefrom.

2. A process as defined in claim 1, wherein

a. the aqueous solution contains one or more com-

pounds selected from the group consisting of potas-
sium hydroxide, potassium chloride and potassium
acetate, and

b. the pH of the aqueous solution is maintained at a

value of about 8.3.

3. A process as defined in claim 1, wherein the carbo-
naceous material is first subjected to a pre-treatment
comprising contacting the carbonaceous material with
hydrochloric acid to effect substitution of the cations
bound to the carboxylic acid groups of the carbona-
ceous material with the hydrogen ion of the hydrochlo-
ric acid.
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4, A process as defined in claim 1, in which the potas-
sium-carbonaceous material is separated from the aque-
ous solution and tabletted prior to the pyrolysis step.

5. A process as defined in claim 1, wherein the aque-
ous solution is of potassium hydroxide and the potassi-
um-carbonaceous material is formed as a paste of
dough-like consistency and is extruded prior to the
pyrolysis step.

6. A process as defined in claim 1, wherein the prod-
uct char is subjected to a conventional activation treat-
ment to enhance its activity.

7. A process as defined in claim 4, wherein the prod-
uct char is subjected to a conventional activation treat-
ment to enhance its activity.

8. A process as defined in claim 5, wherein the prod-
uct char is subjected to a conventional activation treat-
ment to enhance its activity.

9. A process as defined in claim 7, in which the con-
ventional activation treatment comprises reacting the
char with steam at a temperature of about 800° C.

10. A process as defined in claim 8, in which the
conventional activation treatment comprises reacting

the char with steam at a temperature of about 800° C.
* *x *x % %




